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(54) Waveguide converter

(67) A waveguide converter includes a waveguide
(10) including a hollow section (11) through which a signal
is transmitted and a first opening (12) formed on a cross
section of the hollow section in a direction orthogonal to
a transmission direction of the signal, and a circuit board
(20) including on a same surface a signal line (24), a
conductor patch (25A) connected to the signal line, and
a second opening (27A) surrounding the conductor
patch. The waveguide is fixed onto the circuit board. The
first opening surrounds the second opening. The con-
ductor patch includes a rectangular section (25Ar) which
has short sides (I3, 15’) in parallel with short sides of the
first opening, and has a first long side (I,’) and a second
long side (l,’) connected to the signal line in parallel with
long sides of the first opening, and protruding portions
(25Aa, 25Ab) which are provided so as to touch the short
sides near both ends of the second long side, respec-
tively.
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Description
FIELD
[0001] The embodiments discussed herein are related

to a waveguide converter that converts the transmission
mode of a signal between a wave guide and a transmis-
sion line of a circuit board.

BACKGROUND

[0002] When a signal whose band has a short wave-
length, such as millimeter waves or microwaves, which
is typically used for car radar and high-seed wirelesss
communication system, is transmitted from and received
at an antenna by using a transmitter-receiver circuit, a
waveguide may be connected between the transmitter-
receiver circuit and the antenna.

[0003] The transmitter-receiver circuitis integrated, for
example, as a monolithic microwave integrated circuit
(MMIC), and a planar transmission line such as a micro-
strip line and a coplanar line is used for a transmission
line on the transmitter-receiver circuit side. The transmis-
sion mode of a signal is different between such a trans-
mission line on a transmitter-receiver circuit side and a
waveguide. Thus, when a waveguide is connected be-
tween a transmitter-receiver circuit and an antenna, a
waveguide converter is used to convert the transmission
mode so as to be suitable for the transmission line on a
transmitter-receiver circuit side and the waveguide, re-
spectively.

[0004] Inregardtowaveguide converters, the following
related artis known. Thatis, a microstrip line - waveguide
converter is comprised of a waveguide, a first conductor
layer, a dielectric substrate, and a ground conductor lay-
er. The first conductor layer is comprised of a microstrip
line that has a patch pattern formed on an end, a ground
conductor pattern that surrounds the patch pattern, and
via holes that connect the ground conductor pattern and
the ground conductor layer. Then, the waveguide, the
first conductor layer, the dielectric substrate, and the
ground conductor layer are stacked from the top in the
listed order at a position where the center of the opening
of a waveguide and the center of the patch pattern over-
lap with each other. A number of via holes are formed so
as to surround the periphery of the opening of the
waveguide.

[0005] Moreover, the following related art is also
known. That is, a waveguide/strip line converter is pro-
vided with: a dielectric substrate having a first surface
that closes the rectangular opening of a waveguide; a
shorting plate formed on a second surface of a dielectric
substrate to short the waveguide; a matching element
formed on a first surface of the dielectric substrate; and
a strip line that is formed in an incision of the shorting
plate and is electromagnetically coupled to the matching
element. The matching element is shaped so as to sur-
round a non-formation area, and has an asymmetrical
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shape with reference to a direction parallel to the long
sides of the opening.

[0006] Furthermore, the following related art is also
known. That is, a waveguide/strip line converter is com-
prised of a rectangular waveguide and a dielectric sub-
strate. An aperture for guiding an electromagnetic wave
is arranged on one end of the rectangular waveguide,
and an end surface is arranged on the other end. The
dielectric substrate is inserted into the rectangular
waveguide from the side of the dielectric substrate in such
amanner that the dielectric substrate exists in a direction
orthogonal to the end surface of the rectangular
waveguide and the mounted position viewed from the
opening is at approximately the center of the aperture.
Moreover, an approximately cross-shaped conductor
pattern is arranged on the dielectric substrate, and one
side of the conductor pattern is extended as a pattern to
draw out a signal to the outside of the rectangular
waveguide. The pattern to draw out a signal is formed
as a strip line outside the rectangular waveguide. The
electric field of an electromagnetic wave that is guided
into the rectangular waveguide is coupled to the conduc-
tor pattern, and is converted to an electric signal by the
conductor pattern and transmitted to the strip line.
[0007] The waveguide converter includes a conductor
patch. The conductor patch has the function of emitting
a signal that is transmitted through the transmission line
on a transmitter-receiver circuit side to the waveguide,
and has the function of emitting a signal thatis transmitted
through the waveguide to the transmission line on the
transmitter-receiver circuit side.

[0008] It is necessary for the size of the conductor
patch to be smaller than the opening of a waveguide that
is determined according to an active frequency band. In
order for the waveguide converter to achieve a good sig-
nal conversion performance in a desired frequency band,
it is necessary to determine the shape and size of the
conductor patch according to the wavelength of a signal
determined by the dielectric constant or the like of the
dielectric substrate that composes the transmission line
on the transmitter-receiver circuit side.

[0009] When a rectangular-shaped conductor patch is
provided for a waveguide converter, the waveguide con-
verter may perform signal conversion in a desired active
frequency if the length of sides of the conductor patch
that is parallel with the transmission direction of a signal
of the transmission line on the transmitter-receiver circuit
side are set to be half the wavelength of the signal. How-
ever, half the wavelength of a signal that is transmitted
through the dielectric substrate may be greater than the
short sides of the opening of the waveguide when, for
example, a low-level side of a recommended frequency
band of the waveguide is used or when, for example, a
dielectric substrate of a low dielectric constant is used.
Inorder to achieve a good signal conversion performance
in such a case by using a rectangular-shaped conductor
patch, it is necessary for the shape of a conductor patch
to be rectangular and longer in a direction of the long
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sides ofthe opening of the waveguide. However, depend-
ing on the length of the long sides of a conductor patch,
a resonance that degrades the pass characteristic of a
signal between the waveguide and the transmission line
is caused near the active frequency band. For this rea-
son, it is necessary to design the waveguide converter
such that a resonance frequency that degrades the pass
characteristic of the waveguide converter will not be
caused near the active frequency band.

[0010] Moreover, when a resin whose pattern preci-
sion is poor is used, for example for the purpose of cost
reduction, as a substrate material instead of ceramics, a
pattern misalignment may be caused when a waveguide
converter is manufactured.

[0011] FIG. 1 depicts the deterioration of a pass char-
acteristic caused due to a pattern misalignment.

[0012] In FIG. 1, pass characteristics T1 and T2 of a
waveguide converter are depicted with a scattering pa-
rameter S21 where a port 1 is on a waveguide side and
a port 2 is on a transmission line side to which a trans-
mitter-receiver circuit is connected.

[0013] As illustrated in FIG. 1, the pass characteristic
T2 where pattern misalignment was caused when the
waveguide converter was manufactured deteriorates at
the center frequency of an active frequency band f; in
comparison with the pass characteristic T1 where no pat-
tern misalignment was caused. A resonance frequency
f.o that degrades the pass characteristic T2 is closer to
the center frequency of an active frequency band f, in
comparison with aresonance frequency f,, that degrades
the pass characteristic T1.

[0014] Asdescribed above, when a pass characteristic
deteriorates at the center frequency of an active frequen-
cy band due to the pattern misalignment that was caused
when the waveguide was manufactured, or when a res-
onance frequency that degrades the pass characteristic
is misaligned and gets close to an active frequency band,
a signal conversion performance of the waveguide con-
verter deteriorates. Thus, it is necessary to design a
waveguide converter in such a manner that the deterio-
ration of a pass characteristic will be minimized and a
required signal conversion performance will be secured
even if the pattern precision of the waveguide converter
at the time of manufacture is poor.

[Related Art Document]
[Patent Documents]
[0015]

[Patent Document 1]
Japanese Laid-open
2011-061290
[Patent Document 2]
Japanese Laid-open
2010-087651
[Patent Document 3]

Patent Publication No.

Patent Publication No.
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Japanese Laid-open Patent Publication No.
05-090806

SUMMARY

[0016] Itis an object in one aspect of the invention to

provide a waveguide converter capable of securing a re-
quired signal conversion performance even when varia-
tion in dimension and alignment is caused at the time of
manufacture of the waveguide converter.

[0017] According to an aspect of the embodiments, a
waveguide converter includes a waveguide which in-
cludes a hollow section through which a signal is trans-
mitted and a first opening formed on a cross section of
the hollow section in a direction orthogonal to a trans-
mission direction of the signal, and a circuit board which
includes on a same surface a signal line, a conductor
patch connected to the signal line, and a second opening
surrounding the conductor patch. The waveguide is ad-
hered and fixed onto the circuit board in such a manner
that the first opening surrounds the second opening. The
conductor patch includes a rectangular section and pro-
truding portions. The rectangular section has short sides
in a direction parallel to short sides of the first opening,
and has a first long side and a second long side in a
direction parallel to long sides of the first opening. The
second long side is connected to the signal line. The pro-
truding portions are provided so as to touch the short
sides near both ends of the second long side, respec-
tively.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

FIG. 1 depicts the deterioration of a pass character-
istic caused by a pattern misalignment;

FIG. 2 is a perspective view of an example of the
waveguide converter according to the first embodi-
ment;

FIG. 3 is a top view of an example of the waveguide
converter according to the first embodiment;

FIG. 4 is a drawing explaining the relationship be-
tween the shape of a rectangular patch and a fre-
quency characteristic;

FIG. 5 is a drawing explaining the relationship be-
tween the shape of a conductor patch according to
the first embodiment and a frequency characteristic;
FIG. 6 is a perspective view of a simulation model
of a waveguide converter that is provided with a rec-
tangular patch;

FIG. 7 is a top view of a simulation model of a
waveguide converter that is provided with a rectan-
gular patch;

FIG. 8 is a list of the sizes of a rectangular patch for
which a simulation analysis is performed;

FIG. 9 depicts the relationship between the length L
of the rectangular patch and a resonance frequency
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of the pass characteristic or a resonance frequency
of the reflection characteristic;

FIG. 10 depicts the relationship between the length
L of the rectangular patch and the band of reflection
characteristic where the loss becomes -10(dB);
FIG. 11 is a perspective view of a simulation model
of a waveguide converter that is provided with the
conductor patch according to the first embodiment;
FIG. 12 is a top view of a simulation model of a
waveguide converter that is provided with the con-
ductor patch according to the first embodiment;
FIG. 13 depicts the relationship between Y, and a
resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
whenY, X, and X, of the conductor patch according
to the first embodiment are fixed and Y is varied,
FIG. 14 depicts the relationship between Y, and the
band of reflection characteristic where the loss be-
comes -10(dB) when Y, X, and X, of the conductor
patch according to the first embodiment are fixed
and Y, is varied;

FIG. 15 depicts the relationship between X, and a
resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
whenY, X, and Y of the conductor patch according
to the first embodiment are fixed and X; is varied,
FIG. 16 depicts the relationship between X, and the
band of reflection characteristic where the loss be-
comes -10(dB) when Y, X, and Y of the conductor
patch according to the first embodiment are fixed
and X, is varied;

FIG. 17 depicts the relationship between X, and a
resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
whenY, Y, and X’ of the conductor patch according
to the first embodiment are fixed and X and X, are
varied;

FIG. 18 depicts the relationship between X, and the
band of reflection characteristic where the loss be-
comes -10 (dB) when Y, Y, and X’ of the conductor
patch according to the first embodiment are fixed
and X and X, are varied;

FIG. 19 is a list of the sizes of the conductor patch
according to the first embodiment for which a simu-
lation analysis is performed by fixing X’ and increas-
ing X4, Y4, X, and Y;

FIG. 20 depicts a reflection characteristic S11 in cas-
es where X’ of the conductor patch according to the
first embodiment is fixed and the values of X4 and
Y are increased;

FIG. 21 depicts a reflection characteristic S22 in cas-
es where X’ of the conductor patch according to the
first embodiment is fixed and the values of X; and
Y, are increased,

FIG. 22 depicts a pass characteristic S21 in cases
where X’ of the conductor patch according to the first
embodiment is fixed and the values of X, and Y, are
increased;
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FIG. 23 depicts the relationship between L’ and a
resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
when X’ is fixed and X4, Y4, X, and Y are increased,;
FIG. 24 depicts the relationship between L’ and the
frequency band of reflection characteristic where the
loss becomes -10 (dB) when X’ is fixed and X4, Yy,
X, and Y are increased,;

FIG. 25 depicts an electric field intensity distribution
of the pass characteristic S21 in the resonance fre-
quency of a rectangular conductor patch;

FIG. 26 depicts an electric field intensity distribution
of the pass characteristic S21 in the resonance fre-
quency of a conductor patch according to the first
embodiment;

FIG. 27 is a perspective view of an example of the
waveguide converter according to the second em-
bodiment;

FIG. 28 is a top view of an example of the waveguide
converter according to the second embodiment;
FIG. 29 is a drawing for explaining the relationship
between the shape of a conductor patch according
to the second embodiment and a frequency charac-
teristic;

FIG. 30 depicts a simulation result of the reflection
characteristic S11 of the waveguide converter that
includes the conductor patch according to the sec-
ond embodiment or the waveguide converter that
includes a rectangular patch;

FIG. 31 depicts a simulation result of the reflection
characteristic S22 of the waveguide converter that
includes the conductor patch according to the sec-
ond embodiment or the waveguide converter that
includes a rectangular patch; and

FIG. 32 depicts a simulation result of the pass char-
acteristic S21 of the waveguide converter that in-
cludes the conductor patch according to the second
embodiment or the waveguide converter that in-
cludes a rectangular patch.

DESCRIPTION OF EMBODIMENTS

[0019] Some embodiments of the presentinvention will
be described in detail with reference to the accompanying
drawings.

[First Embodiment]

[0020] FIG. 2 is a perspective view of an example of
the waveguide converter according to the first embodi-
ment. FIG. 3is a top view of an example of the waveguide
converter according to the first embodiment.

[0021] Asillustratedin FIG. 2, the waveguide converter
1according to the firstembodimentincludes a waveguide
10 and a circuit board 20.

[0022] The waveguide 10 is a transmission line that
transmits a signal (radio wave), and is disposed on the
top surface of the circuit board 20 as illustrated in FIG. 2.
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[0023] As illustrated in FIG. 2, the waveguide 10 in-
cludes a hollow section 11 in a square-tube shape sur-
rounded by the conducting wall that constitutes the
waveguide 10, and a signal is transmitted through the
hollow section 11.

[0024] Moreover, an opening 12 is provided on one
end of the waveguide 10 in the transmission direction of
a signal. The opening 12 is formed by a cross section of
the hollow section 11 in the direction orthogonal to the
transmission direction of a signal. Note that an antenna
(not illustrated) that emits and receives a high-frequency
signal such as microwaves and millimeter waves may be
connected to the other ends of the waveguide 10 at which
the opening 12 does not exist.

[0025] The circuit board 20 includes a dielectric sub-
strate 21, a first conductor plate 22, a second conductor
plate 23, a signal line 24, a conductor patch 25A, and
ground vias 26.

[0026] As illustrated in FIG. 2, the first conductor plate
22, the signal line 24, and the conductor patch 25A are
provided on the top surface of the dielectric substrate 21.
In other words, the first conductor plate 22, the signal line
24, and the conductor patch 25A are disposed on the
same surface of the dielectric substrate 21. Moreover,
the second conductor plate 23 is disposed on the under-
surface of the dielectric substrate 21.

[0027] Thesignalline 24 is atransmissionline provided
for the circuit board 20, and is, for example, a microstrip
line. As illustrated in FIG. 3, a certain distance of insula-
tion space is provided between the first conductor plate
22 and the signal line 24, and a coplanar line is formed
by the first conductor plate 22 and the signal line 24.
[0028] As illustrated in FIG. 2, a notched section 13 is
provided on a side of the waveguide 10 at one end where
the opening 12 is formed, and the signal line 24 within
the opening 12 is drawn out from the waveguide 10
through the notched section 13.

[0029] The notched section 13 is shaped like a rectan-
gular parallelepiped, and the undersurface of the notched
section 13 touches the top surface of the first conductor
plate 22. The width and height of the aperture plane of
the notched section 13 in the direction in which the signal
line 24 is drawn out from the waveguide 10 is set suffi-
ciently smaller than half the wavelength calculated from
the active frequency of a signal.

[0030] As illustrated in FIG. 3, an opening 27A that
exposes the dielectric substrate 21 is provided on the
first conductor plate 22. The shape of the outer edge of
the opening 27A is similar to the shape of the edge of
the opening 12, and the size of the opening 27A is smaller
than the size of the opening 12. The end of the waveguide
10 that has the opening 12 is adhered and fixed onto the
first conductor plate 22 in such a manner that the opening
12 surrounds the opening 27A.

[0031] Inside the opening 27A, the conductor patch
25A is provided with space so as to not be electrically
continuous with the first conductor plate 22. As illustrated
in FIG. 2, the conductor patch 25A is formed on the sur-
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face of the dielectric substrate 21 on which the signal line
24 is also formed, and the conductor patch 25A is con-
nected to one end of the signal line 24.

[0032] Note that atransmitter-receiver circuit (notillus-
trated) of a high-frequency signal such as microwaves
and millimeter waves may be connected to the other end
of the signal line 24 that is not connected to the conductor
patch 25A. Such a transmitter-receiver circuit may be
integrated as a monolithic microwave integrated circuit.
[0033] Asillustratedin FIG.2andFIG. 3, the conductor
patch 25A according to the first embodiment includes a
rectangular section 25Ar and protruding portions 25Aa
and 25Ab.

[0034] The rectangular section 25Ar is a part of the
conductor patch 25A, and is a rectangular-shaped por-
tion of the conductor patch 25A. The protruding portions
25Aa and 25Ab are parts of the conductor patch 25A,
and are protruding portions of the conductor patch 25A.
[0035] As illustrated in FIG. 2 and FIG. 3, the rectan-
gular section 25Ar has short sides in the direction parallel
with the transmission direction of a signal on the signal
line 24, and has long sides in the direction orthogonal to
the transmission direction of that signal. In other words,
the rectangular section 25Ar has short sides in the same
direction as that of the short sides of the hollow section
11 of the waveguide 10, and has long sides in the same
direction as that of the long sides of the hollow section 11.
[0036] Asillustratedin FIG.2andFIG. 3, the protruding
portions 25Aa and 25Ab are provided on the short sides
of the rectangular section 25Ar near both ends of the long
side of the rectangular section 25Ar which is connected
to the signal line 24.

[0037] The protruding portions 25Aa and 25Ab having
a rectangular shape are depicted in FIG. 2 and FIG. 3,
but the protruding portions 25Aa and 25Ab may be
squares or rectangles. Moreover, the shape of the pro-
truding portions 25Aa and 25Ab may be polygonal or
circular instead of being rectangular.

[0038] When the protruding portions 25Aa and 25Ab
are rectangular-shaped as illustrated in FIG. 2 and FIG.
3, sides of the protruding portions 25Aa and 25Ab exist
in parallel with the short sides of the rectangular section
25Ar. Moreover, sides of the protruding portions 25Aa
and 25Ab exist on the extension of the long side of the
rectangular section 25Ar that is connected to the signal
line 24, and the long side of the rectangular section 25Ar
and these sides of the protruding portions 25Aa and 25Ab
form a side of the conductor patch 25A that is connected
to the signal line 24.

[0039] Asillustratedin FIG. 3, the conductor patch 25A
may be arranged in such a manner that a center line that
vertically divides the long sides of the rectangular section
25Ar into two equal parts matches a center line that ver-
tically divides the long sides of the opening 12 of the
waveguide 10 into two equal parts. Moreover, the con-
ductor patch 25A may be arranged in such a manner that
the signal line 24 is connected onto a center line that
vertically divides the long sides of the rectangular section
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25Ar into two equal parts.

[0040] The ground vias 26 are coupling parts that elec-
trically couple the first conductor plate 22 to the second
conductor plate 23. As illustrated in FIG. 2 and FIG. 3,
the ground vias 26 are formed under one end of the
waveguide 10 that is adhered and fixed onto the first con-
ductor plate 22, and are formed under the first conductor
plate 22 that surrounds the signal line 24. The ground
vias 26 are not formed under the signal line 24.

[0041] A method for determining the shape and size
of the conductor patch 25A according to the first embod-
iment will be explained.

[0042] FIG. 4 is a drawing for explaining the relation-
ship between the shape of a rectangular patch and a
frequency characteristic.

[0043] A rectangular conductor patch 25r of FIG. 4 in-
cludes long sides |, and |,, and short sides |5 and |,.
[0044] Here,itis assumed thatthe conductor patch 25r
is provided as the conductor patch of the waveguide con-
verter 1, instead of the conductor patch 25A including
the protruding portions 25Aa and 25Ab. In other words,
it is assumed that the conductor patch 25r is arranged
within the opening 12 of the waveguide 10 such that the
long side | and |, will be parallel with the long sides of
the waveguide 10 and the short sides |5 and I, will be
parallel with the short sides of the waveguide 10, and
that the signal line 24 is connected to the long side |,
which is illustrated at the bottom of FIG. 4. In this case,
the relationship between the shape of the conductor
patch 25r and a frequency characteristic is explained as
below.

[0045] Firstly, an undesired resonance frequency in
the waveguide converter that includes the conductor
patch 25r, i.e., a resonance frequency that degrades the
pass characteristic indicated by a scattering parameter
S21 when it is assumed that a port 1 exists on the
waveguide 10 side and a port 2 exists on the signal line
24 side, is determined according to the length of a straight
line L illustrated in FIG. 4.

[0046] Thestraightline L, is a straightline thatis drawn
from a point P, at which a center line |, that vertically
divides the long sides I, and |, of the conductor patch 25r
into two equal parts intersects with a long side |, at the
top of FIG.

[0047] 4 to a point P, at which a long side |, at the
bottom of FIG. 4 intersects with a short side 5. Also, the
straight line L is a straight line that is drawn from the
intersection point P, to a point Pg at which the long side
I, at the bottom of FIG. 4 intersects with a short side |,.
[0048] Next, the center frequency of an active frequen-
cy band in the waveguide converter thatincludes the con-
ductor patch 25r, i.e., a resonance frequency that de-
grades the reflection characteristic indicated by scatter-
ing parameters S11 and S22, is determined according
to the length of a straight line L,.

[0049] Thestraightline L, is a straight line thatis drawn
from a point P5 at which the center line |, intersects with
the long side I, at the bottom of FIG. 4 to a point P, at
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which the long side |, at the top of FIG. 4 intersects with
the short side I5. Also, the straight line L, is a straight line
that is drawn from the intersection point P to a point Pg
at which the long side I, at the top of FIG. 4 intersects
with the short side |,.

[0050] The size of the rectangular conductor patch 25r
and an undesired resonance frequency or an active cent-
er frequency are in a relationship such as that above. For
this reason, when the length of the straight line L is the
same as the length of the straight line L, as in the con-
ductor patch 25r of FIG. 4 for example, an undesired
resonance frequency becomes close to the center fre-
quency of an active frequency band. When an undesired
resonance frequency becomes close to the center fre-
quency of an active frequency band, the signal conver-
sion performance of the waveguide deteriorates.

[0051] Hence, in the first embodiment, the conductor
patch 25A includes the rectangular section 25Ar and the
protruding portions 25Aa and 25Ab asiillustrated in FIGs .
2, 3, and 5 in order to keep an undesired resonance fre-
quency away from the center frequency of an active fre-
quency band.

[0052] FIG. 5 is a drawing for explaining the relation-
ship between the shape of a conductor patch according
to the first embodiment and a frequency characteristic.
[0053] InFIG. 5, the signal line 24 is connected to the
long side |, side of the rectangular section 25Ar at the
bottom of FIG. 5, and the conductor patch 25A is ar-
ranged within the opening 12 of the waveguide 10.
[0054] The rectangular section 25Ar is provided with
long sides I," and ;" and short sides I3’ and I,’. The long
sides I;" and |,’ are parallel with the long sides of the
waveguide 10, and the short sides |5’ and |’ are parallel
with the short sides of the waveguide 10.

[0055] The protruding portion 25Aa includes sides
la1-lz4- The side |4 is parallel with the side I,,, and the
side |45 is parallel with the side I,4. The protruding portion
25Ab includes sides l4-lp4. The side |,,4 is parallel with
the side |5, and the side |,,5 is parallel with the side I,.
[0056] The protruding portions 25Aa and 25Ab are ar-
ranged so as to touch the short sides of the rectangular
section 25Ar near both ends of the long side |,’ that is
connected to the signal line 24. In other words, the pro-
truding portion 25Aa is arranged so as to touch one end
of the long side |,’, where the side |4 overlaps with the
short side I3’. Also, the protruding portion 25Ab is ar-
ranged so as to touch one end of the long side |I,’, where
the side I,,; overlaps with the short side 1,,".

[0057] The side I3 of the protruding portion 25Aa and
the side I,,4 of the protruding portion 25Ab exist in parallel
with the short sides I3’ and |’ of the rectangular section
25Ar. The side |, of the protruding portion 25Aa and the
side |, of the protruding portion 25Ab exist on the ex-
tension of the long side |, of the rectangular section 25Ar,
and the long side |, as well as side |, and side |, form
the long side, which connects to the signal line 24, of the
conductor patch 25A.

[0058] Firstly, an undesired resonance frequency in
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the waveguide converter 1 that includes the conductor
patch 25A of FIG. 5, i.e., a resonance frequency that
degrades the pass characteristic indicated by the scat-
tering parameter S21 when it is assumed that a port 1
exists on the waveguide 10 side and a port 2 exists on
the signal line 24 side, is determined according to the
length of a straight line L, illustrated in FIG. 5.

[0059] ThestraightlineL, isastraightlinethatis drawn
from a point P4’ at which a center line |’ that vertically
divides the long sides |’ and |,’ of the rectangular section
25Ar into two equal parts intersects with the long side |’
at the bottom of FIG. 5 to a point P,’ at which a side |5
of the protruding portion 25Aa that is parallel with the
short side |3’ and that does not touch the rectangular sec-
tion 25Ar intersects with a side |, of the protruding portion
25Aa on the extension of the long side I,". Also, the
straight line L’ is a straight line that is drawn from the
intersection point P’ to a point Pg’ at which a side I, of
the protruding portion 25Ab that is parallel with the short
side I,” and that does not touch the rectangular section
25Ar intersects with a side I, of the protruding portion
25Ab on the extension of the long side I,’.

[0060] Next, the centerfrequency of an active frequen-
cy band in the waveguide converter 1 that includes the
conductor patch 25A, i.e., a resonance frequency that
degrades the reflection characteristic indicated by scat-
tering parameters S11 and S22, is determined according
to the length of a straight line L,'.

[0061] Thestraightlinel, isastraightlinethatis drawn
from a point P53’ at which the center line I’ intersects with
the long side I,’ at the bottom of FIG. 5 to a point P, at
which the long side I, at the top of FIG. 5 intersects with
the short side I5". Also, the straight line Ly’ is a straight
line that is drawn from the intersection point P53’ to a point
Pg’ atwhich the long side |’ at the top of FIG. 5 intersects
with the short side I,’.

[0062] As illustrated in FIG. 5, the protruding portion
25Aa is provided for the conductor patch 25A according
to the first embodiment so as to touch the short side I3’
at one end of the long side |,’. Moreover, the protruding
portion 25Ab is provided for the conductor patch 25A so
as to touch the short side |’ at the other end of the long
side 5. Accordingly, it becomes possible to make the
straight line L’ that determines an undesired resonance
frequency be longer than the straight line L2’ that deter-
mines the center frequency of an active frequency band
due to the existence of the protruding portions 25Aa and
25Ab. When the straight line L4’ is made longer than the
straight line Ly, it is possible to shift an undesired reso-
nance frequency to a high frequency, and thus itbecomes
possible to keep an undesired resonance frequency
away from the center frequency of an active frequency
band.

[0063] Accordingly, the waveguide converter 1 that is
provided with the conductor patch 25A according to the
first embodiment may achieve a good signal conversion
performance in an active frequency band. Moreover, it
is possible to secure a good signal conversion perform-
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ance in the active frequency band even if a pattern mis-
alignment is caused when a waveguide converter is man-
ufactured because it is possible to keep an undesired
resonance frequency away from the center frequency of
an active frequency band.

[0064] Furthermore, the conductor patch 25A accord-
ing to the first embodiment is formed in such a manner
that the length of the short sides and long sides of the
rectangular section 25r excluding the protruding portions
25Aa and 25Ab becomes shorter than the length of the
short sides and long sides of the conductor patch 25r of
FIG. 4. In other words, when the center frequency of an
active frequency band is the same between the
waveguide converter 1 provided with the conductor patch
25A and the waveguide converter provided with the con-
ductor patch 25r, the long sides |, and I’ are shorter than
the long sides |, and |,, the short sides I3’ and 1,’ are
shorter than the short sides |5 and |4, and the size of the
rectangular section 25Ar is smaller than the size of the
conductor patch 25r. The center frequency of an active
frequency band is moved as the shape of a conductor
patch becomes no longerrectangular due to the provision
of the protruding portions 25Aa and 25Ab, and thus it
becomes necessary to adjust the length of L,’. For this
reason, the size of the conductor patch 25A is smaller
than the size of the conductor patch 25r as described
above.

[0065] An example of the method for determining the
shape and size of the conductor patch 25A according to
the first embodiment by using an electromagnetic field
simulation will be described below. It will be described
below that the waveguide converter 1 provided with the
conductor patch 25A according to the first embodiment
has a good signal conversion performance in comparison
with the waveguide converter that includes the rectan-
gular conductor patch 25r as illustrated in FIG. 4.
[0066] Note that the example described below is only
for explaining a method of determining the shape and
size of the conductor patch 25A and demonstrating an
advantageous effect of the waveguide converter 1 that
is provided with the conductor patch 25A. In other words,
a method for determining the shape and size of the con-
ductor patch 25A and an advantageous effect of the
waveguide converter 1 are not limited to the specific nu-
meric values described in the example below.

[0067] Firstly, a result of the simulation analysis of a
signal conversion performance in the case where therec-
tangular conductor patch 25r is provided for the
waveguide converter 1 instead of the conductor patch
25A will be described in comparison with a signal con-
version performance in the case where the conductor
patch 25A is provided for the waveguide.

[0068] FIG.6isa perspective view of asimulation mod-
el of a waveguide converter that is provided with a rec-
tangular patch. FIG. 7 is a top view of a simulation model
of a waveguide converter that is provided with a rectan-
gular patch. FIG. 8 is a list of the sizes of a rectangular
patch for which a simulation analysis is performed.
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[0069] A simulation model 2 of the waveguide convert-
er illustrated in FIG. 6 and FIG. 7 is a simulation model
of the waveguide converter that is provided with the rec-
tangular conductor patch 25r instead of the conductor
patch 25A.

[0070] A waveguide 10s illustrated in FIG. 6 and FIG.
7 corresponds to the waveguide 10. In the simulation
model 2 of the waveguide converter illustrated in FIG. 6
and FIG. 7, a hollow section 11s that corresponds to the
hollow section 11 and an opening 12s that corresponds
to the opening 12 are set as a model of the waveguide
10s.

[0071] A circuit board 20s corresponds to the circuit
board 20. A signal line 24s corresponds to the signal line
24. Ground vias 26s correspond to the ground vias 26.

[0072] Aconductorpatch25s-1 correspondsto the rec-
tangular patch 25r as illustrated in FIG. 4. The conductor
patch 25s-1 is arranged within the opening 27s-1 of the
circuit board 20s.

[0073] The conductor patch 25s-1 has a rectangular
shape, where the short sides are parallel with the trans-
mission direction of a signal from the signal line 24s, and
the long sides are orthogonal to the transmission direc-
tion of the signal. In other words, as illustrated in FIG. 7,
the conductor patch 25s-1 has the shortsides in the same
direction as the short sides of the opening 12s, and has
the long sides in the same direction as the long sides of
the opening 12s.

[0074] InFIG. 6 and FIG. 7, a casing 30s is illustrated
that covers the signal line 24s that extends outside the
waveguide 10s from the notched section 13s that corre-
sponds to the notched section 13, and that is disposed
on the circuit board 20s. The casing 30s is an element
that is expediently provided for the simulation model 2 of
the waveguide converter in order to analyze the behavior
of an electromagnetic field by using an electromagnetic
field simulation.

[0075] Asillustratedin FIG. 6, a port 1 to which a signal
is incident and reflected is on the waveguide 10s side,
and a port 2 to which a signal is incident and reflected is
on the signal line 24s side.

[0076] As set values for an electromagnetic field sim-
ulation, it is assumed that the relative permittivity er and
the thickness of a dielectric substrate included in the cir-
cuit board 20s are 4.1 and 60(.m), respectively. More-
over, it is assumed that a dielectric loss tangent tans is
0.015. It is assumed that the conductivity and the thick-
ness of the first and second conductor plates included in
the circuit board 20s are 5.8e7(s/m) and 37(.m), respec-
tively. It is assumed that the pitch of the ground vias 26s
is 400(m). It is assumed that the line width of the signal
line 24s is 100 (wm), and that the insulation space be-
tween the signal line 24s and the first conductor plate is
100(pm).

[0077] Moreover, the length of the long sides of the
opening 12s of the waveguide 10s is set to 3.1(mm), and
the length of the short sides is set to 1.55(mm).

[0078] In regard to the size of the casing 30s, it is as-
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sumed that the upward height from the circuit board 20s
is 2 (mm), the length in the direction the signal line 24s
extends is 5.4(mm), and that the width in the direction
orthogonal to the direction the signal line 24s extends is
3.078(mm).

[0079] As illustrated in FIG. 7, it is assumed that the
length of the long sides of the rectangular conductor
patch 25s-1 is X, and that the length of the short sides
is Y,. Moreover, it is assumed that the total sum of the
length of the long side X, and short sides Y, (i.e., X;+Y,)
is length L.

[0080] In an example of the electromagnetic field sim-
ulation below, as illustrated in FIG. 8, a simulation anal-
ysis is performed upon fixing the length of the long sides
X; to 1850 (um), and by varying the value of the length
of the short sides Y, and length L as depicted in FIG. 7.
An example of the simulation result is depicted in FIG. 9
and FIG. 10.

[0081] FIG. 9 depicts the relationship between the
length L of the rectangular patch and a resonance fre-
quency ofthe pass characteristic or aresonance frequen-
cy of the reflection characteristic. FIG. 10 depicts the re-
lationship between the length L of the rectangular patch
and the band of reflection characteristic where the loss
becomes -10(dB).

[0082] Firstly, referring to FIG. 9, when the length X,
of the long sides of the rectangular conductor patch 25s-
1 is fixed to 1850(p.m) and the length of the short sides
Y, is varied, the resonance frequency that degrades the
pass characteristic indicated by the scattering parameter
S21 is nearly constant regardless of the value of the
length L. On the other hand, the resonance frequency of
the reflection characteristic indicated by the scattering
parameters S11 and S22 changes to a low frequency
due to the increase in the value of the length L, i.e., due
to the increase in the value of the length of the short sides
Y,. As aresult, it is understood that when the value of the
length of the long sides X, of the rectangular conductor
patch 25s-1 is fixed and the value of the length of the
short sides Y, increases, the distance increases between
the resonance frequency of the reflection characteristic,
i.e., the center frequency of an active frequency band,
and the resonance frequency of a pass characteristic.
Moreover, it is understood that the smaller the difference
between the length of the short sides Y, and the length
of the long sides X, becomes, the larger the difference
between the center frequency of an active frequency
band and the resonance frequency of a pass character-
istic becomes.

[0083] Next, referring to FIG. 10, when the length X; of
the long sides of the rectangular conductor patch 25s-1
is fixed to 1850 (.m) and the length of the short sides Y,
is varied, the band where the loss of the reflection char-
acteristic indicated by S11 becomes -10(dB) decreases
as the value of the length L increases, i.e., as the value
of the length of the short sides Y, increases. On the other
hand, the band where the loss of the reflection charac-
teristic indicated by S22 becomes -10 (dB) decreases
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and later increases as the value of the length L increases,
i.e., as the value of the length of the short sides Y, in-
creases.

[0084] Forexample, itis assumed that a desirable val-
ue of the center frequency of an active frequency band,
i.e., a desirable value of the resonance frequencies of
the reflection characteristic S11 and S22, is 76.8(GHz).
In the simulation result depicted in FIG. 9 and FIG. 10,
the length L at which the resonance frequencies of the
reflection characteristic S11 and S22 become 76.8 (GHz)
is 2770(m).

[0085] As illustrated in FIG. 8, the length of the short
sides Y, of the rectangular conductor patch 25r when the
length L is 2770 (wm) is 920 (wm). Moreover, when the
straight line L that determines the undesired resonance
frequency and the straight line L, that determines the
center frequency of an active frequency band as de-
scribed above with reference to FIG. 4 are calculated,
the straight line L, and straight line L, have the same
length, which is 1305 (um).

[0086] Note that in the simulation example described
above with reference to FIGs. 8 to 10, the length of the
long sides of the conductor patch 25r is fixed and the
length of the short sides is varied. However, an optimal
length of the long sides at which the center frequency of
an active frequency band, i.e., the resonance frequency
of reflection characteristic, has a desirable value (for ex-
ample, 76.8(GHz)) may be obtained by fixing the length
ofthe short sides of the conductor patch 25r and changing
the length of the long sides.

[0087] Next, the shape and size of the conductor patch
25A of the waveguide converter 1 by which a desired
signal conversion performance may be obtained will be
described.

[0088] FIG. 11 is a perspective view of a simulation
model of a waveguide converter that is provided with the
conductor patch according to the first embodiment. FIG.
12 is a top view of a simulation model of a waveguide
converter that is provided with the conductor patch ac-
cording to the first embodiment.

[0089] The same reference signs as those assigned
to elements of the simulation model 2 of the waveguide
converter illustrated in FIG. 6 and FIG. 7 are assigned to
the corresponding elements of the simulation model 3 of
the waveguide converter illustrated in FIG. 11 and FIG.
12.

[0090] A waveguide 10s illustrated in FIG. 11 and FIG.
12 corresponds to the waveguide 10. In the simulation
model 3 of the waveguide converter illustrated in FIG. 11
and FIG. 12, a hollow section 11s and an opening 12s
are set as a model of the waveguide 10s.

[0091] A circuit board 20s corresponds to the circuit
board 20. A signal line 24s corresponds to the signal line
24. Ground vias 26s correspond to the ground vias 26.

[0092] A conductor patch 25s-2 corresponds to the
conductor patch 25A according to the first embodiment,
as illustrated in FIG. 5.

[0093] As illustrated in FIG. 12, the conductor patch
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25s-2 includes a rectangular section 25sr and protruding
portions 25sa and 25sb. The rectangular section 25sr
corresponds to the rectangular section 25Ar, and is a
rectangular-shaped portion of the conductor patch 25s-
2. The protruding portions 25sa and 25sb correspond to
the protruding portions 25Aa and 25Ab, respectively, and
are protruding portions of the conductor patch 25s-2.
[0094] The rectangular section 25sr has short sides in
the direction parallel with the transmission direction of a
signal on the signal line 24s, and has long sides in the
direction orthogonal to the transmission direction of that
signal. In other words, the rectangular section 25sr has
short sides in the same direction as that of the short sides
of the opening 12s, and has long sides in the same di-
rection as that of the long sides of the opening 12s.
[0095] Moreover, the protruding portions 25sa and
25sb are provided on the short sides of the rectangular
section 25sr near both ends of the long side of the rec-
tangular section 25Ar, which is connected to the signal
line 24s. In the simulation model 3 of the waveguide con-
verter illustrated in FIG. 11 and FIG. 12, it is assumed
that the protruding portions 25sa and 25sb are rectan-
gular-shaped in a similar manner to the protruding por-
tions 25Aa and 25Ab. As described above, the shape of
the protruding portions 25Aa and 25Ab according to the
first embodiment may be polygonal or circular instead of
being rectangular.

[0096] In a similar manner to the simulation model 2
of the waveguide converter illustrated in FIG. 6 and FIG.
7, the simulation model 3 of the waveguide converter
illustrated in FIG. 11 and FIG. 12 is provided with the
casing 30s that covers the signal line 24s that extends
outside the waveguide 10s from the notched section 13s,
and that is disposed on the circuit board 20s. The casing
30s is an element that is expediently provided for the
simulation model 3 of the waveguide converter in order
to analyze the behavior of an electromagnetic field by
using an electromagnetic field simulation. For this rea-
son, as illustrated in FIG. 2 and FIG. 3, the casing 30s
does not exist in the waveguide converter 1 according to
the embodiment.

[0097] As illustrated in FIG. 11, a port 1 to which a
signal is incident and reflected is on the waveguide 10s
side, and a port 2 to which a signal is incident and re-
flected is on the signal line 24s side.

[0098] Except the size of the conductor patch 25s-2,
set values are assigned to the simulation model 3 of the
waveguide converter in a similar manner to the afore-
mentioned simulation model 2 of the waveguide convert-
er.

[0099] As illustrated in FIG. 12, the conductor patch
25s-2 is arranged within the opening 27s-2 of the circuit
board 20s.

[0100] As illustrated in FIG. 12, it is assumed that the
length of the long sides of the rectangular section 25sr
is X, and that the length of the short sides is Y. In regard
to the length of the sides of the protruding portions 25sa
and 25sb, it is assumed that the length of the sides par-
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allel with the long sides of the rectangular section 25sr
is X4, and that the length of the sides parallel with the
short sides of the rectangular section 25sris Y. Further,
it is assumed that the length of the side of the conductor
patch 25s-2 that is connected to the signal line 24s is X'.
In other words, the length X’ is the sum of the length X
of the long sides of the rectangular section 25sr and the
length X, of the sides of the respective protruding por-
tions 25sa and 25sb (i.e., X+2X,).

[0101] An example of the analysis result of simulation
performed by varying the size of the conductor patch 25s-
2 according to the first embodiment will be described.
[0102] FIG. 13 depicts the relationship between Y, and
a resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
when Y, X, and X, of the conductor patch according to
the first embodiment are fixed and Y, is varied. FIG. 14
depicts the relationship between Y, and the band of re-
flection characteristic where the loss becomes -10(dB)
when Y, X, and X, of the conductor patch according to
the first embodiment are fixed and Y is varied.

[0103] In FIG. 13 and FIG. 14, a simulation result is
depicted in cases where the values of Y, X, and X, are
fixed to 895 (um), 1725 (um), and 100 (pm), respectively,
and the value of Y is varied from 25(um) to 150 (um).
[0104] Referring to FIG. 13, when Y, X, and X, of the
conductor patch 25s-2 according to the first embodiment
are fixed and Y, is varied, a resonance frequency that
degrades the pass characteristic indicated by the scat-
tering parameter S21 decreases as the value of Y, in-
creases. Moreover, a resonance frequency of the reflec-
tion characteristic indicated by the scattering parameters
S11 and S22 decreases as the value of Y increases. In
view of the above, it is understood that when Y, X, and
X, of the conductor patch 25s-2 according to the first
embodiment are fixed and Y is varied, it is difficult to
keep a resonance frequency that degrades the pass
characteristic away from a resonance frequency of the
reflection characteristic, i.e., the center frequency of an
active frequency band, even if the value of Y, is in-
creased.

[0105] Referring to FIG. 14, when Y, X, and X, of the
conductor patch 25s-2 according to the first embodiment
are fixed and Y is varied, the band where the loss of the
reflection characteristic indicated by the scattering pa-
rameter S11 becomes -10(dB) increases as the value of
Y, increases. On the other hand, the band where the loss
of the reflection characteristic indicated by scattering pa-
rameter S22 becomes -10(dB) decreases as the value
of Y, increases. In view of the above, it is understood
that when Y, X, and X, of the conductor patch 25s-2
according to the first embodiment are fixed and Y, is
varied, it is not possible to increase the band where the
loss becomes -10 (dB), i.e., an active frequency band
that is suitable for actual use, by increasing the value of
Y.

[0106] According to such a simulation resultin FIG. 13
and FIG. 14, itis understood that even if Y, X, and X of
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the conductor patch 25s-2 according to the first embod-
iment are fixed and Y, is varied, it is not possible to
achieve the shape and size of the conductor patch 25s-
2 in which the signal conversion performance of the
waveguide converter 1 becomes optimal.

[0107] FIG. 15depicts the relationship between X, and
a resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
when Y, X, and Y, of the conductor patch according to
the first embodiment are fixed and X is varied. FIG. 16
depicts the relationship between X, and the band of re-
flection characteristic where the loss becomes -10(dB)
when Y, X, and Y, of the conductor patch according to
the first embodiment are fixed and X; is varied.

[0108] In FIG. 15 and FIG. 16, a simulation result is
depicted in cases where the values of Y, X, and Y, are
fixed to 895 (pm), 1725 (wm), and 100(.m), respectively,
and the value of X is varied from 25(um) to 150(um).
[0109] Referring to FIG. 15, when Y, X, and Y, of the
conductor patch 25s-2 according to the first embodiment
are fixed and X, is varied, a resonance frequency that
degrades the pass characteristic indicated by the scat-
tering parameter S21 decreases as the value of X, in-
creases. Moreover, a resonance frequency of the reflec-
tion characteristic indicated by the scattering parameters
S11 and S22 decreases as the value of X increases. In
view of the above, it is understood that when Y, X, and
Y, of the conductor patch 25s-2 according to the first
embodiment are fixed and X, is varied, it is difficult to
keep a resonance frequency that degrades the pass
characteristic away from a resonance frequency of the
reflection characteristic, i.e., the center frequency of an
active frequency band, even if the value of X, is in-
creased.

[0110] Referring to FIG. 16, when Y, X, and Y, of the
conductor patch 25s-2 according to the first embodiment
are fixed and X, is varied, the band where the loss of the
reflection characteristic indicated by the scattering pa-
rameter S11 becomes -10(dB) increases when the value
of X4 is between 50(m) and 100(iwm) and remains con-
stant afterward. On the other hand, the band where the
loss of the reflection characteristic indicated by scattering
parameter S22 becomes -10 (dB) decreases as the value
of X increases. In view of the above, it is understood
that when Y, X, and Y, of the conductor patch 25s-2
according to the first embodiment are fixed and X, is
varied, it is not possible to increase the band where the
loss becomes -10 (dB), i.e., an active frequency band
that is suitable for actual use, by increasing the value of
X.

[0111] According to a simulation result such as that of
FIG. 15 and FIG. 16, it is understood that even if Y, X,
and Y, of the conductor patch 25s-2 according to the first
embodiment are fixed and X, is varied, it is not possible
to achieve the shape and size of the conductor patch
25s-2 in which the signal conversion performance of the
waveguide converter 1 becomes optimal.

[0112] Furthermore, according to simulation results
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such as those in FIG. 15 and FIG. 16 as well as FIG. 13
andFIG. 14, the following is understood. When the length
of the long sides and short sides of the rectangular sec-
tion 25sr is fixed and only the length of either one of the
long sides or short sides of the protruding portions 25sa
and 25sb is varied, the relationship between the varied
length of sides and a resonance frequency of the pass
characteristic or a resonance frequency of the reflection
characteristic indicates a similar tendency regardless of
whether the length of any sides are varied. Moreover, it
is understood that the relationship between the varied
length of the sides and the band of reflection character-
istic where the loss becomes -10(dB) also indicates a
similar tendency regardless of whether the length of any
sides are varied.

[0113] FIG. 17 depicts the relationship between X, and
a resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
when 'Y, Y4, and X’ of the conductor patch according to
the first embodiment are fixed and X and X, are varied.
FIG. 18 depicts the relationship between X, and the band
of reflection characteristic where the loss becomes -10
(dB)whenY, Y, and X’ of the conductor patch according
to the firstembodiment are fixed and X and X, are varied.
[0114] In FIG. 17 and FIG. 18, a simulation result is
depicted in cases where the values of Y, Y4, and X’ are
fixed to 895(um), 100 (m), and 1925 (um), respectively,
and the value of X; is varied from 25(um) to 150(m). If
the length X’ of the side of the conductor patch 25s-2 that
connects to the signal line 24s is fixed and the length X
of each side of the protruding portions 25sa and 25sb is
varied, as a matter of course, the value of the length X
of the long sides of the rectangular section 25sr is also
varied.

[0115] Referring to FIG. 17, when Y, Y4, and X’ of the
conductor patch 25s-2 according to the first embodiment
are fixed and X and X, are varied, a resonance frequency
that degrades the pass characteristic indicated by the
scattering parameter S21 increases as the value of X
increases. On the other hand, a resonance frequency of
the reflection characteristic indicated by the scattering
parameters S11 and S22 decreases as the value of X,
increases. Inview of the above, itis understood that when
Y, Y4, and X’ of the conductor patch 25s-2 according to
the first embodiment are fixed and X and X, are varied,
it is possible to keep a resonance frequency that de-
grades the pass characteristic away from a resonance
frequency of the reflection characteristic, i.e., the center
frequency of an active frequency band, if the value of X
is increased and the value of X is decreased.

[0116] Referring to FIG. 18, when Y, Y4, and X’ of the
conductor patch 25s-2 according to the first embodiment
are fixed and X and X, are varied, the band where the
loss of the reflection characteristic indicated by S22 be-
comes -10(dB) increases as the value of X increases
and remains almost constant when the value of X, be-
comes equal to or larger than 100(p.m). On the other
hand, the band where the loss of the reflection charac-
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teristic indicated by S11 becomes -10(dB) increases as
the value of X, increases, reaches the peak until the value
of X4 is within a certain range (50 (um)-100 (um)), and
decreases afterward. In view of the above, it is under-
stood thatwhen'Y, Y, and X’ of the conductor patch 25s-
2 according to the first embodiment are fixed and X and
X, are varied, the band where the loss becomes -10(dB),
i.e., afrequency band that is suitable for actual use, may
be increased by increasing the value of X, into a certain
range.

[0117] According to a simulation result such as that of
FIG. 17 and FIG. 18, it is understood that when Y, Y,
and X’ of the conductor patch 25s-2 according to the first
embodiment are fixed and X and X, are varied, it is pos-
sible to achieve the shape and size of the conductor patch
25s-2 in which the signal conversion performance of the
waveguide converter 1 becomes optimal by increasing
the value of X; into a certain range.

[0118] Hence, in view of the verification result de-
scribed with reference to FIGs. 13 to 16 and the verifica-
tion result described with reference to FIGs. 17 to 18, a
simulation is further performed by fixing X’ and increasing
X4, Y1, X,and Y. Note thatthe verification result described
with reference to FIGs. 13 to 16 is a verification result in
which even if the value of the long sides and short sides
of the rectangular section 25sr is fixed and only the value
of either one of the long sides or the shot sides of the
protruding portions 25sa and 25sb is varied, it is not pos-
sible to achieve the optimal shape and size of the con-
ductor patch 25s-2. Also, note that the verification result
described with reference to FIGs. 17 to 18 is a verification
result in which if the value of the side of the conductor
patch 25s-2 that connects to the signal line 24s is fixed
and the value of the sides of the protruding portions 25sa
and 25sb that are parallel with the aforementioned side
is adjusted, it is possible to achieve the optimal shape
and size of the conductor patch 25s-2.

[0119] FIG. 19 is a list of the sizes of the conductor
patch according to the first embodiment for which a sim-
ulation analysis is performed by fixing X’ and increasing
Xy, Y, X, and Y.

[0120] For example, itis assumed that a desired value
of the center frequency of an active frequency band, i.e.,
the resonance frequency of the reflection characteristic,
is 76.8 (GHz). In an example of the simulation below, set
values S;-S; are assigned in such a manner that a res-
onance frequency of the reflection characteristic be-
comes 76.8(GHz) asiillustrated in FIG. 19. In other words,
the value of X'(i.e., X+2X,) is fixed to 1925(n m), and the
values of the lengths X, and Y, of both sides of the pro-
truding portions 25sa and 25sb are the same. Then, X4,
Y4, X, Y, and L’ are varied like the set values S4-S3 of
the simulation. Note thatthe length L’ of FIG. 19 indicates
the sum of Y and X' (i.e., Y+X+2X,).

[0121] In regard to set values S4-S3, the straight line
L1’ that determines an undesired resonance frequency,
which is described above with referenceto FIG. 5, is long-
er than the straight line L2’ that determines the center
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frequency of an active frequency band. For example, in
the set value S,, the straight line L is 1250 (um), and
straight line Ly’ is 1243 (um).

[0122] As described above, in the simulation model 2
of the waveguide converter provided with the conductor
patch 25s-1, the length of the short sides Y, of the con-
ductor patch 25s-1 where the center frequency of an ac-
tive frequency band becomes 76. 8 (GHz) when the
length X; of the long sides is fixed to 1850 (. m) is 920
(pm). Ifthe size of the conductor patch 25s-1 is compared
with the size of the conductor patch 25s-2 with the set
values S-S, the length Y of the short sides of the rec-
tangular section 25srthat constitutes the conductor patch
25s-2 is shorter than the length of the short sides Y, of
the conductor patch 25s-1 with any of the set values
S4-S3. Moreover, the length X of the long sides of the
rectangular section 25sr is also shorter than the length
X, of the long sides of the conductor patch 25s-1 with any
of the set values S,-S;.

[0123] Anexample of the simulation result in which the
shape and size of the conductor patch 25s-2 are varied
as depicted in FIG. 19 is depicted in FIGs. 20 to 22.
[0124] FIG. 20 depicts the reflection characteristic S11
in cases where X' of the conductor patch according to
the first embodiment is fixed and the values of X; and Y,
are increased. FIG. 21 depicts the reflection character-
istic S22 in cases where X’ of the conductor patch ac-
cording to the first embodiment is fixed and the values
of X; and Y, are increased. FIG. 22 depicts the pass
characteristic S21 in cases where X' of the conductor
patch according to the first embodiment is fixed and the
values of X4 and Y, are increased.

[0125] In FIGs. 20 to 23, a simulation result S, of the
rectangular-shaped conductor patch 25s-1 is also depict-
ed in order to compare with a simulation result of the
conductor patch 25s-2. The simulation result S, of the
conductor patch 25s-1 is a simulation result of the case
in which the conductor patch 25s-1 is set to a size where
aresonance frequency of the reflection characteristic in-
dicated by the scattering parameters S11 and S22 be-
comes 76.8(GHz). In particular, as described above with
reference to FIG. 9 and FIG. 10, the size of the conductor
patch 25s-1 is determined in such a manner that the
length X, of the long sides becomes 1850(.m), the length
Y, of the short sides becomes 920(um), and that the
length L that is the sum of X, and Y, becomes 2770(.m).
[0126] Referring to FIG. 20, resonance frequencies of
the reflection characteristic S11 with set values S-S,
indicate 76.8(GHz) in a similar manner to the simulation
result S, of the conductor patch 25s-1. Referring to FIG.
21, resonance frequencies of the reflection characteristic
S22 with set values S4-S3 also indicate 76.8 (GHz) in a
similar mannerto the simulation result S, of the conductor
patch 25s-1.

[0127] Referring to FIG. 22, simulation results with set
values S4-S3 have a wider band where the loss of the
pass characteristic S21 becomes -8(dB) than the simu-
lation result S;. Moreover, in regard to a resonance fre-
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quency of the pass characteristic S21, simulation results
with set values S4-S3 are further distant from resonance
frequencies of the reflection characteristic S11 and S22
(76.8(GHz)) than the simulation result S, of the conductor
patch 25s-1.

[0128] Accordingly, it is understood that an active fre-
quency band that withstands actual use may become
broader when the waveguide converter 1 provided with
the conductor patch 25A according to the first embodi-
ment is used than when the waveguide converter that
includes the rectangular conductor patch 25r is used.
Moreover, it is understood that a resonance frequency
that degrades the pass characteristic may be further kept
away from the center frequency of an active frequency
band when the waveguide converter 1 provided with the
conductor patch 25A according to the first embodiment
is used than when the waveguide converter that includes
the rectangular conductor patch 25r is used.

[0129] Further referring to FIG. 22, a frequency band
where the loss of the pass characteristic S21 becomes
-8(dB) is the narrowest in the cases of set value S, and
is the broadest in the case of set value S; among set
values S,-Sj.

[0130] A resonance frequency of the pass character-
istic S21 is the closest to the resonance frequencies of
the reflection characteristic S11 and S22 (76.8 (GHz)) in
the case of set value S; and is the furthest from the res-
onance frequencies of the reflection characteristic S11
and S22 in the case of set value S; among set values
S4-Ss.

[0131] On the other hand, referring to FIG. 21, a fre-
quency band of the reflection characteristic S22 where
the loss becomes -10(dB) is the narrowest in the cases
of set value S; and is the broadest in the case of set
value S, among set values S4-Ss.

[0132] Thus, the size of the conductor patch 25s-2 in
which the signal conversion performance becomes opti-
mal among set values S4-Sj in view of not only the pass
characteristic S21 but also the reflection characteristic
S11 and S22 is determined as follows by further analyz-
ing the reflection coefficients S11 and S22.

[0133] FIG. 23 depicts the relationship between L’ and
a resonance frequency of the pass characteristic or a
resonance frequency of the reflection characteristic
when X' is fixed and X4, Y4, X, and Y are increased. FIG.
24 depicts the relationship between L’ and the frequency
band of reflection characteristic where the loss becomes
-10 (dB) when X' is fixed and X4, Y4, X, and Y are in-
creased. As depicted in FIG. 19, the value of the length
L’ of the set value S, is 2810(um), the value of the length
L’ of the set value S, is 2820(um), and the value of the
length L’ of the set value Sj is 2830(um).

[0134] Referring to FIG. 23, resonance frequencies of
the reflection characteristic S11 and S22 are constant at
76.8 (GHz) regardless of the increase in the value of the
length L’ (i.e., Y+X’). This is consistent with the fact that
the resonance frequencies of the reflection characteristic
S11 and S22 with set values S4-S3 are both at 76. 8
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(GHz) in FIG. 20 and FIG. 21.

[0135] Referring to FIG. 23, a resonance frequency
that impairs the pass characteristic S21 decreases as
the value of the length L’ increases. This is consistent
with the fact that in FIG. 22, a resonance frequency of
the pass characteristic S21 with the set value S5 is the
highest and a resonance frequency of the pass charac-
teristic S21 with the set value S, is the lowest among the
set values S;-Ss.

[0136] Thus, the size of the conductor patch 25s-2 in
which the signal conversion performance of the
waveguide converter 1 becomes optimal in view of not
only the pass characteristic S21 but also the reflection
characteristic S11 and S22 will be further analyzed with
reference to FIG. 24.

[0137] In FIG. 24, the frequency band where the loss
of the reflection characteristic S22 becomes -10(dB) in-
creases as the value of the length L’ increases. This is
consistent with the fact that the frequency band where
the loss of the reflection characteristic S22 becomes -10
(dB) is the narrowest in the cases of set value S; and is
the broadestin the case of set value S; among set values
S4-S3in FIG. 21.

[0138] On the other hand, in FIG. 24, as the value of
the length L’ increases, the frequency band where the
loss of the reflection characteristic S11 becomes -10(dB)
reaches a peak when the value of the length L’ is at 2820
(nm), and decreases afterward.

[0139] As a result of such simulation as depicted in
FIG. 24, it is possible to determine that the optimal size
of the conductor patch 25s-2 in which the reflection char-
acteristic S22 and the reflection characteristic S11 are
the best is the set value S, among the set values S4-S;
with which superior pass characteristic S21 may be ob-
tained in comparison with the waveguide converter pro-
vided with the rectangular conductor patch 25s-1.
[0140] FIG. 25 depicts an electric field intensity distri-
bution of the pass characteristic S21 in the resonance
frequency of a rectangular conductor patch. FIG. 26 de-
picts an electric field intensity distribution of the pass
characteristic S21 in the resonance frequency of a con-
ductor patch according to the first embodiment.

[0141] The electric field intensity distribution of FIG. 25
is an electricfield intensity distribution on the circuit board
20s in the resonance frequency 80.3 (GHz) of the pass
characteristic S21 when the short side Y of the conductor
patch 25s-1 is 920 (n m) and the long side X is 1850
(pm). As illustrated in FIG. 20 and FIG. 21, when the
short side Y of the conductor patch 25s-1 is 920(um) and
the long side X is 1850(m), resonance frequencies of
the reflection characteristic S11 and S22 are 76.8(GHz).
As illustrated in FIG. 22, when the short side Y of the
conductor patch 25s-1 is 920(pum) and the long side X is
1850 (n.m), a resonance frequency of the pass charac-
teristic S21 is 80.3(GHz).

[0142] Onthe other hand, an electric field intensity dis-
tribution illustrated in FIG. 26 is an electric field intensity
distribution on the circuit board 20s in the resonance fre-
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quency 83.5(GHz)of the pass characteristic S21 when
the set value S, of FIG. 19 is applied to the size of the
conductor patch 25s-2. As illustrated in FIG. 20 and FIG.
21, when the set value S, is applied to the size of the
conductor patch 25s-2, a resonance frequencies of the
reflection characteristic S11 and S22 are at 76.8(GHz).
As illustrated in FIG. 22, when the set value S, is applied
to the size of the conductor patch 25s-2, a resonance
frequency of the pass characteristic S21 is at 83.5(GHz).
[0143] FIG. 25 and FIG. 26 are compared with each
other as follows. In an electric field intensity distribution
of FIG. 25, itis merely indicated that at regions near both
ends of a long side of the conductor patch 25s-1 that is
connected to the signal line 24s, and at a region near the
center of the other long side of the conductor patch 25s-
1, an electric field intensity does not become low. In other
words, in a resonance frequency of the pass character-
istic S21 of the waveguide converter provided with the
conductor patch 25s-1, the electromagneticfield intensity
on the circuit board 20s is extensively low.

[0144] On the other hand, in an electric field intensity
distribution of FIG. 26, no electromagnetic field intensity
becomes the minimum value except the electric field in-
tensity at the region that extends from the center of a
side of the conductor patch 25s-2 to which the signal line
24s is connected to both ends of the other side of the
conductor patch 25s-2 which is parallel with the afore-
mentioned side. In other words, in aresonance frequency
of the pass characteristic S21 of the waveguide converter
provided with the conductor patch 25s-2, the electromag-
netic field intensity on the circuit board 20s is extensively
high.

[0145] Accordingly, itis also understood from the elec-
tric field intensity distributions of FIG. 25 and FIG. 26 that
the signal conversion performance of the waveguide con-
verter 1 provided with the conductor patch 25A including
the protruding portions 25Aa and 25Ab is superior to the
signal conversion performance of the waveguide con-
verter that includes the rectangular conductor patch 25r.
[0146] As described above, the waveguide converter
1 that is provided with the conductor patch 25A including
the protruding portions 25Aa and 25Ab may broaden the
active frequency band in comparison with the waveguide
converter that includes the rectangular conductor patch
25r. In other words, it becomes possible to broaden a
band in which the loss in the pass characteristic indicated
by the scattering parameter S21 becomes a loss that is
permissible in the actual use (for example, - 8(dB)).
[0147] Moreover, the waveguide converter 1 that is
provided with the conductor patch 25A including the pro-
truding portions 25Aa and 25Ab may keep a resonance
frequency that degrades the pass characteristic away
from the center frequency of an active frequency band
in comparison with the waveguide converter thatincludes
the rectangular conductor patch 25r.

[0148] Accordingly, the waveguide converter accord-
ing to the present embodiment may broaden the active
frequency band at the design stage, and may keep a
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resonance frequency that degrades the pass character-
isticaway from the center frequency of an active frequen-
cy. As a result, even if a resonance frequency that de-
grades the pass characteristic deviates, for example, due
to the variation in dimension and alignment caused when
the waveguide converter is manufactured, a deterioration
in the pass characteristic may be minimized, and a re-
quired signal conversion performance may be secured.
As it is possible to secure a required signal conversion
performance without requiring a high accuracy in manu-
facturing, the required accuracy in manufacturing of a
waveguide converter is not necessarily very high, and
the cost reduction of a waveguide converter may be re-
alized.

[0149] Further, according to the present embodiment,
simulation analysis is performed, and thereby an appro-
priate shape and size of a conductor patch that has pro-
truding portions on the short sides near both ends of the
long side of a rectangular section on the signal line side
may be determined in view of not only the pass charac-
teristic S21 but also the reflection characteristic S11 and
S22.

[0150] Note that as described above, the shape and
size of the conductor patch according to the first embod-
iment is not limited to the shape and size illustrated in
FIGs. 2, 3, and 5 to 26. For example, the shape of the
protruding portions 25Aa and 25Ab is not necessarily rec-
tangular, but may be polygonal or circular.

[Second Embodiment]

[0151] FIG. 27 is a perspective view of an example of
the waveguide converter according to the second em-
bodiment. FIG. 28 is a top view of an example of the
waveguide converter according to the second embodi-
ment.

[0152] Note that the same reference signs as those
assigned to elements of the waveguide converter 1 ac-
cording to the first embodiment illustrated in FIG. 2 and
FIG. 3 are assigned to the corresponding elements of
the waveguide converter 4 according to the second em-
bodiment illustrated in FIG. 27 and FIG. 28.

[0153] The waveguide converter 4 of FIG. 27 and FIG.
28 has the conductor patch 25B within the opening 27B
of the circuit board 20.

[0154] As illustrated in FIG. 27 and FIG. 28, the con-
ductor patch 25B according to the second embodiment
includes a rectangular section 25Br and a protruding por-
tion 25Bc. The rectangular section 25Br is a rectangular-
shaped portion of the conductor patch 25B. The protrud-
ing portion 25Bc is a protruding-shaped portion of the
conductor patch 25B.

[0155] Therectangular section 25Br has short sides in
the direction parallel with the transmission direction of a
signal on the signal line 24, and has long sides in the
direction orthogonal to the transmission direction of that
signal. In other words, the rectangular section 25Br has
short sides in the same direction as that of the short sides
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of the hollow section 11 of the waveguide 10, and has
long sides in the same direction as that of the long sides
of the hollow section 11.

[0156] As illustrated in FIG. 27 and FIG. 28, the pro-
truding portion 25Bc is provided at the center of a long
side of the rectangular section 25Br other than the long
side of the rectangular section 25Br that is connected to
the signal line 24.

[0157] The protruding portion 25Bc¢ having a rectangu-
lar shape is depicted in FIG. 27 and FIG. 28, but the
protruding portion 25Bc may be a square or rectangle.
Moreover, the shape of the protruding portion 25Bc may
be polygonal or circular.

[0158] When the protruding portion 25Bc is rectangu-
lar-shaped as illustrated in FIG. 27 and FIG. 28, sides of
the protruding portion 25Bc that are parallel with the short
sides of the rectangular section 25Br exist. Moreover,
sides of the protruding portion 25Bc¢ that are parallel with
the long sides of the rectangular section 25Br exist.
[0159] The conductor patch 25B may be arranged in
such a manner that a center line that vertically divides
the long sides of the rectangular section 25Br into two
equal parts matches a center line that vertically divides
the long sides of the opening 12 of the waveguide 10 into
two equal parts. Moreover, the conductor patch 25B may
be arranged in such a manner that the signal line 24 is
connected onto a center line that vertically divides the
long sides of the rectangular section 25Br into two equal
parts.

[0160] FIG. 29 is a drawing for explaining the relation-
ship between the shape of a conductor patch according
to the second embodiment and a frequency characteris-
tic.

[0161] In FIG. 29, the signal line 24 is connected to a
long side |," side of the rectangular section 25Br at the
bottom of FIG. 29, and the conductor patch 25B is ar-
ranged within the opening 12 of the waveguide 10.
[0162] The rectangular section 25Br is provided with
long sides 14" and |," and short sides I5" and I,". The long
sides 14" and |," are parallel with the long sides of the
waveguide 10, and the short sides 15" and |," are parallel
with the short sides of the waveguide 10.

[0163] The protruding portion 25Bc is arranged at the
center of a long side I1" of the rectangular section 25Br,
which is an another long side in parallel with the long side
I," that is connected to the signal line 24.

[0164] The protruding portion 25Bc includes sides
le1-lc4- The side |4 is parallel with the side |.,, and the
side | 3 is parallel with the side | 4.

[0165] The sides I3 and |4 of the protruding portion
25Bc exist in parallel with the short sides I5" and 14" of
the rectangular section 25Br. The side |, of the protrud-
ing portion 25Bc overlaps with the long side I," of the
rectangular section 25Br, and the side |4 of the protrud-
ing portion 25Bc that is parallel with the side |, is parallel
with the long side 14".

[0166] Firstly, an undesired resonance frequency in
the waveguide converter 4 that includes the conductor
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patch 25B of FIG. 29, i.e., a resonance frequency that
degrades the pass characteristic indicated by the scat-
tering parameter S21 when it is assumed that a port 1
exists on the waveguide 10 side and a port 2 exists on
the signal line 24 side, is determined according to the
length of a straight line L," illustrated in FIG. 29.

[0167] The straight line L{"is a straight line that is
drawn from a point P" at which a center line I." that ver-
tically divides the long sides I," and I," into two equal
parts intersects with the side |4 of the protruding portion
25Bc that is parallel with the long side I," at the top of
FIG. 29 to a point P," at which a short side |5" intersects
with the long side |,". Also, the straightline L" is a straight
line thatis drawn from the intersection point P4" to a point
Pg" at which a short side 1" intersects with the long side
1"

[0168] Next, the centerfrequency of an active frequen-
cy band in the waveguide converter 4 that includes the
conductor patch 25B, i.e., a resonance frequency that
degrades the reflection characteristic indicated by scat-
tering parameters S11 and S22, is determined according
to the length of a straight line L,".

[0169] The straight line L,"is a straight line that is
drawn from a point P3" at which the center line
I." intersects with the long side |," at the bottom of FIG.
29 to a point P," at which the long side 14" at the top of
FIG. 29 intersects with the short side I5". Also, the straight
line L,"is a straightline thatis drawn from the intersection
point P5" to a point Pg" at which the long side I," at the
top of FIG. 29 intersects with the short side 1,".

[0170] As illustrated in FIG. 29, the protruding portion
25Bc is provided for the conductor patch 25B according
to the second embodiment so as to touch the center of
the long side 1,". Accordingly, it becomes possible to
make the straight line L1" that determines an undesired
resonance frequency be longer than the straight line
L2" that determines the center frequency of an active fre-
quency band due to the existence of the protruding por-
tion 25Bc. When the straight line L4" is made longer than
the straight line L,", it is possible to shift an undesired
resonance frequency to a high frequency, and thus it be-
comes possible to keep an undesired resonance fre-
quency away from the center frequency of an active fre-
quency band.

[0171] Accordingly, the waveguide converter 4 that is
provided with the conductor patch 25B according to the
second embodiment may achieve good signal conver-
sion performance in an active frequency band. Moreover,
it is possible to secure good signal conversion perform-
ance in the active frequency band even if a pattern mis-
alignmentis caused when a waveguide converter is man-
ufactured because it is possible to keep an undesired
resonance frequency away from the center frequency of
an active frequency band.

[0172] Furthermore, the conductor patch 25B accord-
ing tothe second embodiment is formed in suchamanner
that the length of the short sides and long sides of the
rectangular section 25Br excluding the protruding portion
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25Bc becomes shorter than the length of the short sides
and long sides of the conductor patch 25r of FIG. 4. In
other words, when the center frequency of an active fre-
quency band is the same between the waveguide con-
verter 4 provided with the conductor patch 25B and the
waveguide converter provided with the conductor patch
25r, the long sides 1," and |," are shorter than the long
sides |1 and I, the short sides I5" and |," are shorter than
the short sides I3 and I4, and the size of the rectangular
section 25Br is smaller than the size of the conductor
patch 25r. The center frequency of an active frequency
band is moved as the shape of a conductor patch be-
comes no longer rectangular due to the provision of the
protruding portion 25Bc, and thus it becomes necessary
to adjust the length of L,’. For this reason, the size of the
conductor patch 25B is smaller than the size of the con-
ductor patch 25r as described above.

[0173] Asdescribed above in the first embodiment, the
shape and size of the conductor patch 25B according to
the second embodiment may be determined by using an
electromagnetic field simulation.

[0174] Anexampleoftheresult of electromagneticfield
simulation in which the signal conversion performance
of the waveguide converter 4 that includes the conductor
patch 25B according to the second embodiment is com-
pared with the signal conversion performance of the
waveguide converter that includes the rectangular con-
ductor patch 25r of FIG. 4 instead of the conductor patch
25B is depicted in FIGs. 30 to 32.

[0175] FIG. 30 depicts a simulation result of the reflec-
tion characteristic S11 of the waveguide converter that
includes the conductor patch according to the second
embodiment or the waveguide converter that includes a
rectangular patch. FIG. 31 depicts a simulation result of
the reflection characteristic S22 of the waveguide con-
verter that includes the conductor patch according to the
second embodiment or the waveguide converter that in-
cludes a rectangular patch. FIG. 32 depicts a simulation
result of the pass characteristic S21 of the waveguide
converter that includes the conductor patch according to
the second embodiment or the waveguide converter that
includes a rectangular patch.

[0176] As illustrated in FIG. 30, when the center fre-
quency of an active frequency band, i.e., a resonance
frequency of the reflection characteristic S11, is matched
to 76.8(GHz), the reflection characteristic S11 of the
waveguide converter 4 that includes the conductor patch
25B according to the second embodiment may obtain
almost the same frequency characteristic as the reflec-
tion characteristic of a waveguide converter that includes
the rectangular conductor patch 25r. Moreover, as illus-
trated in FIG. 31, when a resonance frequency of the
reflection characteristic S22 is matched to 76.8(GHz),
the reflection characteristic S22 of the waveguide con-
verter 4 that includes conductor patch 25B according to
the second embodiment may obtain almost the same fre-
quency characteristic as the reflection characteristic of a
waveguide converter that includes the rectangular con-
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ductor patch 25r.

[0177] Further, as illustrated in FIG. 32, when a reso-
nance frequency of the reflection characteristic S22 is
matched to 76.8(GHz), it becomes possible for the
waveguide converter 4 that includes the conductor patch
25B according to the second embodiment to keep a res-
onance frequency that impairs the pass characteristic
S21 further away from resonance frequencies of the re-
flection characteristic S11 and S22 than a waveguide
converter that includes the rectangular conductor patch
25r.

[0178] Moreover, it becomes possible for the
waveguide converter 4 that includes a conductor patch
25B according to the second embodiment to further
broaden a frequency band of the pass characteristic S21
where the loss becomes -8(dB) than a waveguide con-
verter that includes the rectangular conductor patch 25r.
[0179] As described above, the waveguide converter
4 that includes conductor patch 25B according to the sec-
ond embodiment has a broader active frequency band
thatis allowed in the actual use than that of the waveguide
converter that includes the rectangular conductor patch
25r. Moreover, the waveguide converter 4 that includes
conductor patch 25B according to the second embodi-
ment may keep a resonance frequency that degrades
the pass characteristic further away from the center fre-
quency of an active frequency band than the waveguide
converter that includes the rectangular conductor patch
25r.

[0180] Accordingly, the waveguide converter accord-
ing to the second embodiment may broaden the active
frequency band at the design stage, and may keep a
resonance frequency that degrades the pass character-
isticaway from the center frequency of an active frequen-
cy. As a result, even if a resonance frequency that de-
grades the pass characteristic deviates, forexample, due
to the variation in dimension and alignment caused when
the waveguide converter is manufactured, a deterioration
in the pass characteristic may be minimized, and a re-
quired signal conversion performance may be secured.
As it is possible to secure a required signal conversion
performance without requiring a high accuracy in manu-
facturing, the required accuracy in manufacturing of a
waveguide converter is not necessarily very high, and a
cost reduction in waveguide converters may be realized.
[0181] Further, according to the second embodiment,
simulation analysis is performed as described above in
regard to the first embodiment, and thereby an appropri-
ate shape and size of the conductor patch 25B may be
determined in view of not only the pass characteristic
S21 but also the reflection characteristic S11 and S22.
[0182] Note that as described above, the shape and
size of the conductor patch according to the second em-
bodiment is not limited to the shape and size illustrated
in FIGs. 27 to 29. For example, the shape of the protrud-
ing portion 25Bc is not necessarily rectangular, but may
be polygonal or circular.
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Claims

1.

A waveguide converter comprising:

a waveguide (10) which includes a hollow sec-
tion (11) through which a signal is transmitted
and a first opening (12) formed on a cross sec-
tion of the hollow section in a direction orthogo-
nal to a transmission direction of the signal; and
a circuit board (20) which includes on a same
surface a signal line (24), a conductor patch
(25A) connected to the signal line, and a second
opening (27A) surrounding the conductor patch,
the waveguide being adhered and fixed onto the
circuitboard in such a mannerthatthe first open-
ing surrounds the second opening, wherein
the conductor patch includes a rectangular sec-
tion (25Ar) and protruding portions (25Aa,
25ADb),

the rectangular section has short sides (I3, 15’)
in a direction parallel to short sides of the first
opening, and has afirst long side (1;’) and a sec-
ond long side (I,’) in a direction parallel to long
sides of the first opening, the second long side
being connected to the signal line, and

the protruding portions are provided so as to
touch the short sides near both ends of the sec-
ond long side, respectively.

The waveguide converter according to claim 1,
wherein

when a center frequency of an active frequency band
in the waveguide converter matches a center fre-
quency of an active frequency band in a waveguide
converter that is provided with a rectangular conduc-
tor patch instead of the conductor patch, the short
sides are shorter than short sides of the rectangular
conductor patch, and the first and second long sides
are shorter than long sides of the rectangular con-
ductor patch.

The waveguide converter according to claim 1 or 2,
wherein the protruding portions are rectangular-
shaped.

The waveguide converter according to any one of
claims 1 to 3, wherein

when lengths of sides of the protruding portions are
equal to each other and a length of a side of the
conductor patch obtained by adding up the second
long side and sides of the protruding portionsiis fixed,
each of lengths of the short sides, the first and sec-
ond long sides, and the sides of the protruding por-
tions is adjusted so as to optimize a reflection char-
acteristic of the waveguide converter.

A waveguide converter comprising:
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a waveguide (10) which includes a hollow sec-
tion (11) through which a signal is transmitted
and a first opening (12) formed on a cross sec-
tion of the hollow section in a direction orthogo-
nal to a transmission direction of the signal; and
a circuit board (20) which includes on a same
surface a signal line (24), a conductor patch
(25B) connected to the signal line, and a second
opening (27B) surrounding the conductor patch,
the wavelguide being adhered and fixed onto
the circuit board in such a manner that the first
opening surrounds the second opening, wherein
the conductor patch includes a rectangular sec-
tion (25Br) and a protruding portion (25Bc),
the rectangular section has short sides (13", 14")
in a direction parallel to short sides of the first
opening, and has a first long side (I4;") and a
second long side (I,") in a direction parallel to
long sides of the first opening, the second long
side being connected to the signal line, and
the protruding portion is provided so as to touch
a center of the first long side.
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